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LJsiog  tl[c  ‘Jhguclli  hfetflocl’s  tcdmique  o f  ortllogo]~al  arrays,  al] o],ti]uimtio]l  ~xlwcirueat  \vas  ~m]forl[lecl  t o  cllarac~crizc  tllc
]~rocessiug  o f  l,jlJo~l  Sf_J-8  Ilcgative  ~)}(otoresist,. ‘1’his  r~}lotorcsist  has ]Jrovc[l  to t,e very scrlsi(ive  to~)rocess  vatiatiorls  a[[d  difficult to
me in tile  cceatiolt  of useful fllrns. ‘1’hc’l’agucl]i  ll(etllocll  e\fealsoL  ltJJlltsel  lsitivjty  tovaliatiorlsi  rl~jrocessI,;tra[  [leters.  ‘J’}lcexlwrimellt
wasrelwatd  for four’  fillu thicklmsses:  ‘25/6111,  100I~tII,  250/6111,  ald 500j6111,  ‘l’lie  o~~lirl~i~,atioll  out.l)ut  collcclltr’atecl  oa str’aig~lt  sidew’all
ljrofilc,  fi[le  lirlc  arlcl  s~)ace  Iesolotioa, arlcl  .adtmerlcc  Lo su}~.st  rate. l’lot.s Sllolv  oI,tirllal  ~Jrocessirlg  ])aramctecs  for  t}tese f o u r  film
tl]ickrmsscs.

In t roduct ion
IIigh  asJmcL ratio mictomachiucd  structures have marly useful aIJIJlicatiorls. (hlrlc]ltly  tlicre  am fe~v  tecllrliclues t o  acllievc  socll

s t r i c tures .  l’llcse  include I, IC; A, I)latiag  with t,llick I)liotorcsists,  and I)eel)  1{1},; IUOICIS. ‘1 ‘he 1,IGA  tec}luology  crest es t tlc hi.glicst
asImct rat  io’s available, but ]]eecfs  a syllcllrotrol]  radiat  iori source  for its aIJ~Jlicatioli  wit}i a cost plohil~itive  t o many ~Joterlt  ial users,
P l a t i n g  thick  I)llotoresist,  p e r h a p s  wittt  Itlultiljle  coat. irlgs, is arlotller  ruetllocl  to actlieve IIig}l  as~,cct  ratio  strwcturcs.  I’l]is  is cllea~)
ad uses strmda~cl  optical lithogra])}lic  teclluiqucs. Ilowever  the t}iiclcrless  acllieval~lc  is liraitecl  by lligll o],tical  al,sor~)tiorl of Ilovolac
phototesists.  ]Ioth t h e s e  nlethocls  I)rovicle  a clielectric  Ilecessacy  for l)latirjg  lrtetals,  sor[let.flirlg  1).1{,1.1;.  CIOCS  l]ot.

E])orl SU-8, a relat  ivel.y new proc]uct,  was first rescarcliecl  as a J)ossil)le useful thick  filn] hy Illhf.  SLJ-8 l)as a lo\v o],t ical absorpt  iorl,
t h u s  a l l o w i n g  t h e  l>attenliug  of very tfiick  filll~s  ( > lmlll).  It also }Ias a IIig}i  furlcliolrality  wllicll  results irl  a hig}[  clcgrec of cross-
lirrkiug,  ~woclociug  straig}lt  s i d e w a l l  ]nofilcs  arlcl  I]igll  a.y~ect  ratios, S[J-8  is Jloll-corlductive, ard so  car~ he usecl as  a  clielectric  ill
clectro]~lat.  irlg. I)otcrltially,  S(J-8  IIas Iilariy  of tile advarl(agcs  of ttlc o t h e r  thick filrll  tcr-l]rliques,  allcl  fclv  of their  clisaclvarltages,

J Iowevcu,  iu iwacticc, S[J-8 has  1X OVCII to 1x. VCIy serlsitivc  to Variatjorls j[l I)roccssillg  va~iat)]es  arlcl  I[crlce cliff icult to use irl the
fabrication of Iisefol  structures. “J’he literature l(as a wide variatio,t  iri  values for lmocessirlg l)araruetem. })or’ these rcasoris  it \vas
necessar.v to ])erfor’m  arl optiruizatiou  exlxriruerlt  to deterrllirlr’  the coclc’ct values of  tile ]mocc’ssiug  I)ar’arlleter’s  for Sf_J-.8.

11] t h i s  ])al)er’  we w’ill  c]esccilw  ill cletail tflc exj>eril[lelit.  f o r  t]lc 100I!m  t}]icfc  fiirtl. ‘1’},c  results  o}~lai[lcd  for t~,e 25/,111,  250111,1,  a]ld
tile 500/!  111  filais  wcw obtairlecl usi)lg the sanlc  Illctllods  arid  tl]c o v e r a l l  rwults  \vill  I)c sllo}vli  ill  t h a t  section.

The Taguchi  M e t h o d
“J’hc  al,l)licatiorl  of the ‘1’aguchi hfctllods  of I’IOCCSS  1 )esig[l was i[tdicatcd  as tt ie ~,ro~,er  mearis of o~>t  irl]izat  iorl for SLJ-8  resist  .’l’lIc

methodology is bad orl t}w orthogonal away tecllTliquc , sigrlal-to-rloise  ratio, arlcl arlalysis  of variar]cc  (A NOVA). 1,’ivc  ~mra][letecs
at  four  levels  each were sclectccl  iu the exl)erialertt. A full factorial would lmw  rcquirecl a total of 1024 exi)ecir~lcrlts  (45). ‘1’he
ort}logorlal  array  t echuique  recpird  only 1 G exI)eriruerlts.  ‘J’}le nleasorecl  out~)uts 0[ cluali  Ly clmracteristics  t o  I)e ol>timizccl  includecl
sicfelvall  ]woflle,  film aclhetmcc  to substrate, a[d lirle  ard space resolutiorl. }’ro,[l tl]c 16  exl~erialel,tal  results, ancl usirlg  t},c A N O V A
softivare,  the “ scr]sitivit.y analysis” of the paramet.e]. level ccrntril~utioll  to desired quality cltaracteristic  o~)tirtlization \vas  ~Jreclictecl.
~;orlfirmation  exl)erimeutal  tr’iak were ]~ecformecl  to validate ttleor’eLical  I,ctclictiorl.

lrl our cxl~erirucrlt  we focusecl on 5 variables: softl)afic  ti[[le , exl)osute  time, ])ost exI)osurc  bake (} ’1;11),  develor~  time, and t}le
type of substrate tltat  tlkc  su-8  was spurl onto. OLII test s]mcc \vas  large l)ccztuse  of ttle liig}i  degree  of u[iccrtaility  of eacli variable.

Experimental Results
We fouacl tl)at,  ir, gelieral  there  were tl,rce  I,rol)lcrtls  a s s o c i a t e d  wit}, ir,cocccct  I)ccrccss I,arar,,eters,  Wc cal l  tl,csc  ‘< tol) etcl,irlg”

(l”ig 1),  “ bottom etcllirlg” ( Fig 2) , a[d ~,oor Iesolutiotl  (Fig 3). III tl}e fil~t  case, a tllill  crLIst  fonrls  orl t}le strwcture  arlcl  ducirlg  the
cleveloI]ment t}[e pattern uuder  the crwst  will clevelol)  away at a rate  less ttlarl  the uIIcxI)osccl  area, but fyeat enough to si.rylificautly
affect the  sidewall IwofLic. lrl  tf,c bottolll etcli  case lIo crust is formed, but tt[e film close to the substrate \vill  develo~)  away alicl  if
left loag  euough irl the  devclo~mr  the structures wil l  float off tl,e sol)stcate. ‘1’tiis  Iesc[iltks  ])oor  adllesior],  Imt is actually clue to
urlclercuttirlg  of the ])attcrm.  }’oor rwsolutioa  clescritm  closely situatrd liues lvit. h urdevelormcl rmist  irl the slmces  lmt~veerl  them .

III view of these  problems, we o])timizecl  for tlirce  results: straight sidewalls, adtlesiorl , arlcl  msolotiorl  (110  top etcli,  no  bot tom
etcli,  arid floe resolot.iorl. )

Figure 8 slIo\vs  the result of the  optiuti7atiorl. ‘J’l]e lalds  A  –} l’; relate t o  tile varial)le being  arla]yzed (’1 MJc 1). ‘J Itese  results
indicate that there are corlffict ing parameter values delmlclirlg  011  ivllicll  result \ve o~lt  irtlize  for. ‘J’t]e  1’1’;11  i s  ~)arLicularly  trouldir]g
b e c a u s e  tile  v a r i o u s  ol)tirui7atiorls  seem to itdicate  ttlat  it is cliflicult  to acllicvc  I)otti straig}(t  sicletvalls  ald aclhesior].  llowwver,  the
l a r g e  sprwad  iu t}lc  C1)OSCU  d a t a  ])oir]ts COUICI  be tflc source  of ttlis al,l,arctlt  corlclusior[. lJsirlg  tile  ol>tiltlizatiorl r e s u l t s  a s  a  I)ase,
fOCthL!l  I’efhli[lg  \\’aS  Cble iU tk al~a  of ]’~tl~  a n d  eX])OSLII’e  tiIUC  tO adlieV(  tklC ~)eSt 11’SUltS Of al]  the CfCSiC(!Cl  OLltl)Ot  S.

We ])crformed  a simila~  exl,crirucat  for  tllcec  OLI,CC  fil,u t,tlicfcrlcsscs: 25/lrrl,  250/lru,  ard 500/Jru.  1

Fjxpcrimcals  and aoalysis of 25~~rn,  250;/ra,  aud 500/(rll  arc curmatly  ill tlic I)rwcess of I}cirlg  cott]r)leted.  l’hc  data poiuts i[l  figure  9 for these fila) thickuesscs
pro.j  cc I cd.
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